ABSTRACT Context: South Africa has the most HIV infections of any country in the world, yet little is known about the adolescent continuum of care from HIV diagnosis through viral suppression.
INTRODUCTION
South Africa has the highest number of HIV infections of any country in the world with an estimated 6.8 million total infections. 1 Access to antiretroviral therapy (ART) did not begin until 2004, a delay that contributed to high numbers of perinatal HIV infections in the late 1990s and early 2000s. 2 Even with the implementation of the South African National Antiretroviral Treatment Programme, enrolment was slow due to political, cultural, infrastructure, geographic and economic issues. 3 4 Many perinatally HIV-infected infants died during the delays in ART rollout.
▸ The incidence of HIV infection among adolescents and young adults in South Africa is high. ▸ Perinatally HIV-infected children are ageing to adolescence and young adulthood. ▸ Adolescents and young adults have lower retention in care and lower viral suppression rates than older adults.
What are the new findings?
▸ There are an estimated 720 000 HIV-infected youth aged 15-24 in South Africa. ▸ Overall 10% of HIV-infected youth in South Africa are virally suppressed. ▸ Among the estimated 867 283 HIV-infected youth aged 15-24 years in South Africa in 2013, 14% accessed antiretroviral therapy (ART). ▸ Of those on therapy, approximately 83% were retained in care and 81% were virally suppressed.
Recommendations for policy
▸ Increasing antiretroviral treatment in adolescents and young adults. ▸ Improving adolescent-friendly services to increase retention and viral suppression rates. ▸ Preparation and planning for transition care for HIV-infected youth.
significant portion (11%) of South Africa's total number of HIV infections. Now, with more than 10 years of an established national ART programme and its increased scale up in recent years, South Africa has the largest national ART programme in the world. 2 7 Backed by emerging evidence, national ART guidelines support earlier initiation of ART with simpler, more potent and less toxic regimens leading to increased numbers of individuals accessing treatment. 8 The scale-up has contributed to high levels of viral suppression, lower mortality rates and decreased HIV transmission among large adult populations in South Africa. 2 9-11 Several groups have evaluated the continuum of HIV care (from HIV infection to diagnosis, linkage to care, retention in care, ART initiation and viral suppression) in adults from resource-rich countries. Analyses indicate that only a small number of HIV-infected individuals are fully benefitting from therapy. 2 12-14 In sub-Saharan Africa, ∼24% of HIV-infected individuals successfully navigate the continuum of care and are virally suppressed. 2 An analysis of the adolescent and young adult continuum of care in the USA estimated that only 6% of HIV-infected youth were virally suppressed. 13 The continuum of care for HIV-infected adolescents and young adults in South Africa has not previously been described.
The purpose of this analysis is to assess the number perinatally and non-perinatally HIV-infected adolescents requiring ART and surviving into adulthood. Preparing for this growing population has major implications for South Africa's national treatment programme, including the need for adolescent-friendly HIV prevention and treatment programmes as well as transition to adult services for HIV-infected youth.
Below, we present the results of a systematic review estimating the number of adolescents and young adults infected with HIV in South Africa, the number of those on ART and HIV-related mortality. In addition, we report results from our meta-analysis on the percentage of HIV-infected adolescents in South Africa who are retained in care and virally suppressed.
METHODS
We searched PubMed, Google Scholar and online conference proceedings from the International AIDS Society (IAS), the International AIDS Conference (AIDS) and the Conference on Retrovirology and Opportunistic Infections (CROI) from 1 January 2005 to 31 July 2015. Key words and medical subject headings relevant to age (ie, adolescent, adolescence, teen, youth, young adults) were cross-referenced with terms associated with the HIV continuum of care (ie, retention, loss to follow-up, viral suppression, ART, virological failure, outcomes and transition). We sought unpublished data from the South African Department of Health and major academic centres in Johannesburg, Durban, Pietermaritzburg and Cape Town. We reviewed literature in English reporting primary observational data from South African cohorts or epidemiological studies that included specific age ranges, including adolescents and young adults within our target age group of 15-24 years. We attempted to contact the corresponding authors of studies that included ages outside of this range. Because studies reported variable age ranges, we included studies in our analysis that reported primary data on youth, including the ranges of 15-24 years. We report age ranges as described by the original authors; therefore, this analysis includes adolescents and young adults as young as 9 years old and as old as 29 years old due to different binning of age groups by original authors.
We used epidemiological data from South African HIV antenatal HIV prevalence rates, reported number of live births and estimated mother-to-child HIV transmission rates to estimate the annual number of HIV-infected infants born each year in South Africa.
In our meta-analysis, we calculated pooled proportions, with corresponding 95% CIs, for retention in care and viral suppression using the DerSimonian and Laird Random Effects (RE) model, with double arcsine transformation to stabilise the variance. 15 16 Meta-analyses were performed in MetaXL (V.3.1, EpiGear International, Queensland, Australia) (Barendregt JD, Doi SA. MetaXL User Guide. 2015;Version 3.1). Heterogeneity was assessed with the I 2 statistic. 17 We planned analyses by relevant subgroups, focusing on age groups and study endpoints, to examine anticipated variation in the outcomes of interest.
Findings
Our systematic review found 119 relevant articles in the published literature addressing the continuum of care for HIV-infected adolescents in South Africa. As indicated in figure 1, 78 were excluded due to insufficient primary data reported; 15 were excluded since they contained only adult data; eight were excluded for only including paediatric data (with ages <15 years); seven were excluded since they reported cohorts outside of South Africa and an additional four were excluded since they did not report results for the ages 15-24 in the primary outcomes. We searched 1266 conference abstracts from IAS/AIDS and CROI from 1 January 2005 to 31 July 2015 and found 12 that included primary data from South African cohorts involving adolescent retention or viral suppression. Six of these studies were excluded for insufficient primary outcome data. Overall, there were 13 sources that contained sufficient data to be included in the meta-analysis with two studies containing both retention and viral suppression data.
Systematic review
Overview of HIV Infections among Adolescents and Young Adults in South Africa.
Currently, HIV-infected adolescents and young adults in South Africa are a combination of two separate epidemics, perinatally HIV-infected youth and newly acquired HIV among adolescents and young adults. The South African National HIV Prevalence, Incidence, and Behavior Survey in 2012 estimated that up to a total of 720 000 youth aged 15-24 are infected with HIV. 6 By 2013 statistics, South Africa estimated that 8.5% of the estimated 10 203 329 adolescents and young adults aged 15-24 were infected with HIV totalling 867 283 infections. 18 Joint United Nations Programme on HIV/AIDS (UNAIDS) estimated there were 320 000 HIV-infected adolescents aged 10-19 in 2013. 19 These estimates contain both perinatally infected and non-perinatally infected youth; however, they do not extrapolate on the percentages in each category.
Perinatal infections
In 2003, before the implementation of the South African National HIV Treatment Programme, national HIV prevalence among women attending antenatal clinics was 27.9%; yet, the number of pregnant women who tested for HIV was <50%. 20 21 Low testing rates and limited prevention of mother-to-child HIV transmission (PMTCT) services led to a mother-to-child HIV transmission rate of 23% in 2003. 22 With 1 677 415 infants born in South Africa in 2003, 21 23 this translates to 107 639 newly HIV-infected infants. By 2005, after ART became available in South Africa, the national HIV antenatal clinic prevalence rate rose to 30.2%, but the mother-to-child transmission rate decreased to 17%. The 1 380 496 births in 2005 translated into 70 875 newly HIV-infected infants. By 2012, the expansion of ART services and PMTCT, including updated PMTCT guidelines in 2008 and 2010, led to decreasing mother-to-child HIV transmission rates (2.4%); however, with 1 168 403 births and a 29.5% antenatal clinic prevalence rate, this translated into 8272 newly HIV-infected infants. 6 7 21 24 The decline in infections from 2003 to 2012 represents a 92% reduction in new paediatric HIV infections in 9 years, as indicated in figure 2. 6 7 21 Since the rollout of ART in South Africa, there has been a steady decrease in the mother-to-child transmission rate. UNAIDS estimated that in 2014 there were 65 000 averted perinatal HIV infections by PMTCT in South Africa. 1 Incidence of HIV among adolescents A national survey in 2012 estimated that 139 000 new infections occurred among youth aged 15-24. 6 The number of new infections disproportionally affects females who account for 81% of these new infections. 6 The overall HIV incidence was 2.5 in females aged 15-24 compared with 0.6 for males of the same age. 6 
Antiretroviral therapy
In 2012, a nationally representative survey conducted in South Africa estimated 103 000 (95% CI 72 000 to 144 000) youth aged 15-24 were on ART, comprising 14% of HIV-infected adolescents in South Africa and 1.5% of South Africans on ART. 6 Estimates in large urban academic centres in Johannesburg, Cape Town and Durban have differing percentages of their total ART programme that are comprised of adolescents: Johannesburg at 6.7% for those aged 15-24; Cape Town at 0.8% for those 12-17 and Durban 11.1% for those 
Meta-analysis Retention in care
Results of our meta-analysis of six studies estimate that the proportion of South African HIV-infected adolescents on ART who were retained in care within the first 1-2 years of therapy is 83% (95% CI 68% to 94%; I 2 =99%), as indicated in table 1 and figures 3A and 4. [25] [26] [27] [28] [29] [30] No differences were seen when comparing this proportion by timing end point or age group.
Viral suppression
Based on our meta-analysis of eight studies, we estimate the proportion of South African adolescents and young adults on ART who were virally suppressed to be 81% (95% CI 74% to 87%; I 2 =98%), as indicated by table 1 and figures 3B and 4. 26 28 29 36-39 41 No differences were seen when comparing this proportion by timing end point or age group.
Mortality
Globally, from 2005 to 2012, the overall number of HIV-related deaths decreased by 30%; however, deaths in HIV-infected adolescents over the same time period increased by 50%. 42 In 2013, in South Africa alone, there were more than 9500 deaths among HIV-infected adolescents. 19 Despite having low ART initiation rates, lower retention in care and more virological failure, multiple cohorts in South Africa did not see an increase in mortality rates among adolescents and young adults in care and on ART. 
DISCUSSION
South Africa has had a dramatic increase in the number of HIV-infected individuals on ART in the last several years; however, the percentage of adolescents fully benefiting from treatment remains low. Compared with HIV-infected adolescents in the USA, South Africa has a lower percentage of youth receiving ART treatment (14% vs 25%), yet it does have similar rates of retention in care (11% vs 11%) and higher rates of viral suppression (10% vs 6%). 13 49 South Africa also has a higher number of infections at 867 283 compared with 78 949 in the USA. Despite a higher viral suppression rate, 709 773 more adolescents are not virally suppressed in South Africa compared with the USA. Descriptions of the continuum of care for HIV-infected adolescents in others settings have not been described, limiting further comparisons.
South African studies with direct comparison between adolescents and adults indicate lower retention and viral suppression among youth. Six studies in South Africa documented significantly poorer retention in care rates for adolescents compared with adults with ORs ranging from 1.55 to 2.25. 25 26 33 34 38 50 For example, a large cohort from Gauteng and Mpumalanga with more than 42 000 patients showed retention rates for adolescents aged 15-24 at 65% compared with adults over 25 years of age at 78%. 26 Five separate South African observational cohorts reported significantly lower HIV viral suppression rates among adolescents and young adults (range: 73-93%) after ART initiation compared with adults (range: 88 -97%). 26 36 38 50 51 Despite HIV-infected adolescents having lower rates of retention in care and viral suppression rates compared with adults, mortality rates among adolescents in comparative studies are similar to adults. 25 26 30 36 43-48 This likely reflects the delayed mortality in newly HIV-infected youth that die after ageing into adulthood. With high retention and viral suppression rates among adolescents in South Africa, strategies to improve HIV diagnosis and early ART initiation in adolescents could drastically improve the continuum of care for youth in South Africa.
Low ART treatment rates among adolescents currently are inversely related to the high number of new HIV infections in this age group. Youth who are newly infected are less likely to qualify for ART based on National HIV Treatment Guidelines (CD4 below 500 cells/mm 3 at the time of this writing) due to asymptomatic disease and higher CD4 counts. 52 The cohort of sexually active, HIV-infected and viremic youth could have a large impact on HIV transmission rates in South Africa and warrants consideration for public health investment. Expansion of proven treatment and prevention programmes for adolescents and young adults could reduce the high incidence of HIV infections in this age group. Recent evidence has shown the benefit of test-and-treat strategies for prevention of HIV regardless of clinical stage or absolute CD4, assuming individuals stay in care. 53 Clinical evidence is also building for initiation of ART at higher CD4 counts. 54 55 Recently, the WHO recommended universal treatment for HIV-infected individuals, including adolescents and young adults. 52 56 57 In addition, pre-exposure prophylaxis, recently endorsed by the WHO, has been shown to decrease HIV transmission in several cohorts and may be useful in people engaging in high-risk sexual behaviour. [57] [58] [59] [60] However, concern about poor adherence among adolescents suggests that this strategy will require careful planning, monitoring and research.
The high HIV incidence rate among South African females aged 15-24 in particular calls for HIV prevention efforts in this group. Incidence rates for all other age groups have decreased over the past decade; however, incidence remains steadily high in females aged 15-24. 2 6 The risk of HIV acquisition among adolescent females is thought to be higher if there is a greater than 5-year difference in the age between female and male sexual partners. 6 61 Several studies suggest that this age discrepancy is driven by sexual relationships between older males and younger females as transactional sex. [62] [63] [64] [65] [66] [67] [68] [69] [70] However, a recent study from rural KwaZulu-Natal, South Africa did not see an increase in HIV incidence among younger females with older male partners. 71 There is an expected oncoming wave of perinatally HIV-infected children ageing into adolescence who will require adult services in the next 5-10 years. Infants surviving and initiating ART in the mid-2000s are now transitioning into adolescence. Additionally, ∼25-30% of perinatally infected children are slow progressors who can survive undiagnosed and untreated well into adolescence. 72 73 As this wave of perinatally HIV-infected adolescents mature, combined with the high number of new infections among older adolescents, a large number of adolescents will transfer from paediatric or adolescentbased clinics to adult services. [74] [75] [76] [77] These already overwhelmed institutions are poorly prepared for the increased patient population. In addition, these individuals have different needs from patients currently in care at adult services. With many chronic illnesses, this transition is often associated with lapses in adherence and poor clinical outcomes. [78] [79] [80] [81] Revolving care providers, lack of youth-friendly services, rigid scheduling and decreased adult caregiver involvement have marred this transition process. [82] [83] [84] More research is needed to investigate optimal practices for transitioning HIV-infected youth to adult services.
This review has several limitations. First, it relies on published data and therefore could be subject to publication bias, likely biasing adolescents to lower rates at each step of the continuum of care. We did, however, obtain estimates of the continuum of care from primary data from several large urban settings in Durban, Johannesburg, Pietermaritzburg and Cape Town. In addition, this review relied on retrospective observational data, which were mostly from large urban centres. It is possible that this data is not representative and generalisable to adolescents in rural settings. The analysis for viral suppression assumes that all participants in each cohort are alive, in care and do not have missing data. Since this was a retrospective review of the literature, we were unable to include clinical data such as CD4 improvement, weight gain and documentation of opportunistic infections. There was also considerable heterogeneity in the estimates for retention in care and viral suppression, which could not be explained by the variation in study endpoints or age group. Additional efforts are needed to try and explore the sources of this heterogeneity.
CONCLUSION
The oncoming wave of HIV-infected adolescents entering adult care could put a strain on already limited resources. These adolescents have different needs than adults and have lower viral suppression and retention rates. More research must be conducted to optimise retention in care, ART treatment and transition care for HIV-infected adolescents in South Africa.
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